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PROBLEM TO BE SOLVED: To provide an organic electroluminescent 
element that has an excellent luminous efficiency. 

SOLUTION: The disposition of the electrodes of the element is arranged 
shifted so that they do not overlap when they are in orthogonal projection 
op the plane of the luminescent layer. A pair of magnetic field impressing 
layers with anti-parallel magnetic pole directions are provided in the vicinity 
of the element so as not to have their disposition overlap with that of the 
electrodes. The spin direction of the electron and the hole at the time of ' " 
recombination is controlled so as to create a condition which fevors 
generation of singlet excitors rather than a random recombination. 
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mm ^^i-^^mm^m^m'¥'o 

tTT*/.^i/ > r t ^wm t -r^m^m i:^>^4<d\, ^'rM>\z 

^■?'o 30 

a;^)^ b ^ r <t ^1^® ^ i- ^ iS^]^ 1 P> 6 (?:>v ^■f ^^^^ 

im^mio] mm^mmt^. x^:iRm^m^. pe, 

Co. Ni, A 1 ^Oi&JS7C*^^tpfcor-fe5S*^ 

[0001] 



[0 0 0 21 

Tl^7^^>^:/U-Y*^bS^lft:h«9oofeSo Kit 

[0 0 0 3] 9?:^^cS-r^>^>^u>< Lrii, 

^7^^ >^:/U-f (Liquid CrystalDisplay, LCD) 

(Plasma Display, PD) , ^7 ^ — 
)VV:^^y^y^iy'f^:^'T\y^ (Field Emission Displ 
ay, FED) «d5«^f^$n-C Ct^b#M^ffi7=' 
>r:^:^l--<(rAO;tT. i£^#«S|^^3felR^ (Organic 
Electroluminescense Device, OELD) 

K(Organic Light Emitted Diode. OLE 

^s^#M> L E D (7)3?^ ^ nfcfiii/ce^s n 

^fk^B&J . ^AyLA^miE. 1 9 9 9^tf . ^l-^l 1 

;65iii6btLTV>fc;d5, l 9 8 7#(c:T a n g bid^^^j* 

^bfc2il^CO#^m#^3fe^^4r»|gL (C. W. Tang 
and S. A. VanSlyke, Appl . Phys.Lett. 5 1 , 9 1 

3, 1 9 8 7^). %5t«Ftto;*c*i/^r^n±;&s^^ m% 

1.51 m/W, igidaiE 1 0 V, 1 00 0 c 

-fe^ K-^T'SW-^. i^^J-T-OLED. {£tt»BiiC 

9 9 im^m^-^ y y y^:^^^hm^h.^mMm7<^ 
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So 

[0 0 0 41 :i(Dx^fj:mmm^^ytm'T-\^. ^Tc^<t 
^i^<omm^ttn^^-M(onMmi,mm<t^'^x. je 

(Lowest unoccupied molecular orbital, LUMQ) 

fc^^AjE?L(i^)fett5>^coftil5t&^5>^$ft.ii (Highest 
occupied molecular orbital. HOMO) {CAo/clIE 

^^'tti'etiMi^mmiici^nxmWi't^o ^tco^^xm 

^^<^htiX\^^^:^K ^tib^WiS^aAfcJ: t)^3fe$ 

m^&t^-^tcwm^i^mT^ z tx\ mm^mm. 

[0 0 0 5] :$cm (mm^i^^ hvi=^^:;^unm^^ 
mi . ^Ayi.A,mm. 199 9^^^ m2 5-3 sm. 

77 <^ (ext) = Tjext X 7} « (int) 
w^-e. 7j« (int) (i*^rtSBT-<?>^^Srffitb5®^^ 

L^^^;^-r, ^fc. y tl*^rtSl5(caA^tt5m¥^ 



^mm^ummm:^tix\^^^, ^<Dmmn^iF-mx^ 
vmxmmmjA^tix\f^^, Tan gJi^tfltz^^o^eD^r 

(1) M^Mmm^X, ( 1 O 0 n m W-</W) (Of^ 

10 m^m. (2) ®j^s*9-»jK«3g«i«p^ig(fescD*f 

(3) Sfls:«ii-C(7)igi^3ta^iR^. (4) 

3ts^^^=3r-^yr«a^tt, (5) B^f^. (6) mm^ 
(7) «^>fb^«j{c^:^, ^;i5^tf bnxv^So * 

20 'L-^JSi: LTHA 1 , Be, Zn, Ga, Eu, Pt 
^) ^^3tfe**^^*t3|sf (:^=3^^i^v?TV'-/^. 

hyy:r. z^ji^y^ >^ ^ y j\yT h ^ ir 

-<y ui^. >^3:-:^:xhu>, ;^-y =f^:^>^3i>, e^>^ 

[0006] rcoJ:5 (-W««#^3t5fl^<o^3fe«-i|S|-Jt 
^<D^ScD^^T^3fefi^»5 r t f>^X^ S ;5Mc:o 

f:imm-^^wmtmm\m.m . ^v^b/umfis. 1999 

mi0 5-ll8M. miffli IS* 

^5t(7>^a»^^^r? ,^ (ext) T^^D-r^:, JeJlT<^B8« 
[0 0 0 71 

[!»:il 

= 7)ext X [v X rjrX TJf] (l) 

i&^(D^xdt^^± i.x^f^^hm^^Tjk't^ytm^^ 

ft^^5^T?0 (ext)Jl^**t^i#<^tt«(Cj:oT** 



(4) 



7J ext C 

TJext =1/ (2n2) 

f9> CltT.;&=^t> TJext =0 . 2 t $tuTV>5o wtl^bcor 
^^i: LTcomJ^^^(^^gPi^a^77 4 (ex 
t) ^0.2X0. 25 = 0. OSt^'^t). -^rco^ass^a 

[0 0 0 91 ^mm^m^m^^mmit'r^±'r?^ :l<o 

g-Cfi— 0.25, E.W^Wi^'T'fi^ 0.75 
J: o T HS:«S!i jg^ ^ -fi^ibje^^tc >^ tf >'^te 

^ti^t LTfac tr is (2-phenylpyridine) iridium [ I 
r(ppy)3] ^ffll^fc3l^^^5feprtg<c:fir«ia:l!L^3t 
M^ii^XU^Ok. A. Baldo, S. Lamansky. P. E. Burrows. 

M. E, Thompson, S, R. Forrest. Appl . Phys. Lett. 
7_^, 4-6, 1 9 9 9^) (w«^$ttTV>^o 

[0 0 10] ^^±(D^oK. W^@#^3t^^^C^b^V^T 

?S it if ;^ 5 ffl $ n T V N V > <D ;5 s -c -5 o 
[0 0 11] 
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tu5o ^3tfi:^S!)*7jf ttfi38S:*tWiSSl^il^Ji77f< 1 

oTft^$tb5ia^^(Z)a55> « (1) CD [yXnrX 

73 f] coSU5» l^iO . 2 5^T-r?fo:5^SiDtt§o 
SJ»9mL^^(i:S:S^ (N. C. Greenhain. R. H. Friend. 
D. D. C. Bradley. Adv. Mater. 6^. 491, 1994 

[0 0 0 8] 
[^2] 

(2) 

[0 0 12] ^t^iz>h. ^^^^^fixx^^itm^mtamM 
rzrcii>\z^ aAUfcS?fif<?:>a:*:2 5%Ud»3te«c^«i-5 

rmmmti^^^i.. m^t\.x(D)$:.^mzmi>^hoti, 
»mm<Dmmzx^x-'mmRxj^^mTM<D±^ti: 

sl^cfi^v^. 0^^i±(DE.mm^i^^^^^it,h<>xi>. 

[0 0 13] ^3t3a^<oav^^«|«||L|g3fe* 
[0 0 14] 

^itm«t^h(Dyt^^i,'fxiL»:^{z^^m^'T^mmm 

[00 15] i^. wr-ei/>5Wam#^3fe^^2r*i. ^ 

mm^^^^^i^^9tm\cMi.x. mmmmi^^hjEK 



[0 0 16] ^ytmmEiitm^(Dm^^i,cxv) 

10 0 17] -^ti. ^3t»{iIE?L^ytfiffi^(D^3tSrt 
[0 0 18] ^5tSfi4*^co^MWteg*cjE:?L^ 

[0 0 19] jEt-. ^tih^mm^^^. mytmm 
^tixzti^ (om^mw^^t^m ii^m^^tix\^^ 

[0 0 2 0] *fc. *fgPJc0^5fe^^. ^*®tc:tEqFL* 
[0 0 2 1] -^it. l83tS^. ISffi, lETLaA 

^o^j:^mmt\^x\t^<D&:kiWi±^^m'r^tii^<D^ 

h^rm\tmytm. mm, mm, jE^iaAg, s^^^a 
[0 0 2 2] ^fc. ^^mco^mm^^^m'f'^cmm^ 

m:ttfFe, Co, Ni. A 1 ^^O^JS5c*^#tp!i^^ 

m<Dmmmm\^x^x^±'r:bmmmms fe5v>fi#« 

^^^^--->;/ K^^^V^6r ^;05T*#^. 

[0 0 2 3] ^^m(D^mmw^ytm'^^i¥mir^^^ 

& ^K:^y<^y^m, 
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K-t'^-^, ?S!t9te«Jc. ^ 

[0 0 2 4] *lilW(D*«m^^3t*^ti. JKa 

:=:-y^^i5^, ^mmmm, m^mmm, 3tR8it, sjsfis 

(o^^5r«.«S'&{b. «»jx«g§*, mm, mm, mm. 
EEm, mm, mm^m. mm, mn^. ^ 

[0 0 2 5] 

[0 0 2 6] mi tc:(l. ^^P^co:ft-^m#^3t:^^c^^ 
XM, {HfJ®) ot^^^^^L 

Hit ^ y p« - h /^<^*«l^3t«»]K^-^(D® 
30 [0 0 2 7] Ly6*L/ce;05^. :L<ommx\tmMi)^hmX 

tztiMc^ m^^{^^(D\^^ity>yM.x^^^ ^(om 
^ t lEiKD^m^iz. X o x^f^^^—mmmm'f' t 

JSlbS^(7)^^^^t^ 1 : 3Xh^tmi:>tlXl^fCo * 

m^tltz ttfife : M. A, Baldo. D. F. 0' Brien, M. E. 
Thompson, S. R.Forrest, "Exci tonic siglet- triplet 
ration in a semi conduct iong organicthin film", Ph 

ys. Rev. B. Vol.6 0. p.l4422'--14428, 
40 1 9 9 9^) o 

[0 0 2 8] :*:^B^{;i*5V>Tfi. 

<M'iS^^ivX\^^fj::^>^tz^Am^(D:^\:^iyitf^m%:^^m 

micxoxumi.. mmm^^^m^x(Dmyt^(Dmm 
[0 0 2 9] :^^m<ommm^^mi^iz^\^^x}^. * 

i^^mmm (9) ±.\Z^ ITO (=Indium tin oxide. 
I nzOs — S nOz) I Z O ( = Indium zinc oxide, 
InzOs-ZnOz) *<7)S^®ffi;d5|^ffi(4 ) ti.X. 

50 tzibJiz^ z:zx\^w^m (4) tmcmm<Dmmi&mm 



(6) 



(8, 8M ;ei5|9:ftTfe5o t^^oT. ^S±(c^jQp-c|© 
m (4) ^SHiSW^ (8. 8' ) ^5-.ooSSrJg^L 

[0 0 3 0] »c(C. ^(0±(C*ttia#^3tg (7) 

i^S, lETLtt^e, S^^?iAJi, iE?LaAii. IE?LRaih 

[0 0 3 1] ^<Dm<D±\cmm o) dsji^^^ttr:^^ 

Sffiisafs (6, 6' ) Tbmifxh^. mmt 
m&mmmx*mmmt»i.x\,^^o ^ti^f^m is) t 
mm (4) ti'±mn<D^mm^^ytm^\c^\^-xnmm 
m^^^m (7) ^^AyXJEMi^^^&mitcm^^tix 20 

[0 0 3 2] L;6^L/cC:d5b. :*^m^(Dmmm^^^m^ 

[0033] z(Dj:o ti:mmRxj^m&\a±'t<om^m^ 
fc. mmtmm(DiE^mm±x(DmT^<Dm^\^^n. ^ 
j:oT. :*:mm(D^mm^^ytm^ti.x(Dmmmt^^ 

5 ±T i:' ^ ^ :^^<Dm \cmm t mm<DM:^ ^mm.^ s r 

[0 0 3 4] mtc^LT. mmm(D±,\:L^ m%mm 
A (1) , m^mmB (2) tm^^fi. m^^tm^ 

mmr^^ (5) \:iXox^mm^mxh^x\^^^. :z(d 

m^ti.x(Dmm^W:tii.x:irsy)^ mcmi^^^mvt^ 

;6S, — «t^J^r(0?i^^(c#^$^X'5^(:oT*fi/,^v>o so 
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m t mm t mm(D^Jl^^^^J^m\^m.^mm ttj^^x\^^ 

So 

[0 0 3 5] :i(DXo\z.im%^m\ii.ti^uxmM^m 

HfiJSSie^^f^il : 3 601t^T-a^^-r'5(^r-(i;^c<, 

T^So -coj: 5^^LT^:^■rs-^:3glfcje^^iJE7L- 
m^ ^s^iE^ ^ s ^u^siie^ 5 *6 f c . 

So 

[0 0 3 6] ^<DXo^mmj:mmwm{cx^^ 

[0 0 3 7] m 2 tCftlS3®«^fflOW««#|fil5fe*^<7> 

(13201) ^T. fi« (10) ^ffil:Lfco 
fli8^:*f^:^SS (*&?&::«; IK, 3 OmmX 3 OmmX l m 

m, ®tff^i.5i) mmit^^y^i^xm^ 

[0 0 3 8] m2(D2) roS«±(CITOS 
§g^<l( I TO = indiuin tin oxide) ( 1 1)^^ yy<^^ 
mCB^m. DC-^^-:^ Kn^^>^^-f V^I S- 1 5 
1 5)^ffiV^T>^^^•2/^5^jfe{c:r»JK?l^^bfCo (m^ 1 
5 0 n m) o 

[0 0 3 9] (0 2(^3) :7;^ h Ui;^;^ h&tC 

liamX 2 Omm^my<^-':y(l 2)^m^Vit (IT 

o(o^ffi:ift{i 3 0 o M n • cm) o mm(Drzibi,z^(Dmm 

[0 0 4 0] (13 2(7)4) m^. :z(D±{c^ lEK^Am 
^LTPo 1 y (3-octylthiophene)(Aldrlch«i. 



(7) 

11 

- A S S - 3 0 1 «rfflV>:?ho ^ LT f^lyvi 

nylcarbazole (AldrichM> SS^i^5>T*ffl: 1 , 10 0. 
0 0 0. m4^m. m^PVC) ^>^t"':/n-hL (JP 
§5 0nm) . MtcS^Kj* Lfc^ rtt^ 

wim^'^t>'^x. (13) ^1^^, 

[004 1] (0205) ^Oj;5?^^^WlT. ^3feg* 

mmmsi (T^/uy<m. mbe-6 2o-or) fy\cm 

5N) ^^^SR«L (JKJP2nm) , m^mtVX^ 

mr/i-^=^^A (A 1 , ur^i$^ y >>j^M, MS6n) 

iN^U^i^JBT/W^ r> A§r^«i-5KtCtt ImmX 2 0 mm 

:^85i<?5t^M'^^i5^ (^^ 0.5mm) D ftttyh^t^^gT* 

^*^^TofCo ^^(Dm^^m'^Xmm (14) ^tq^-S;, 20 

[0 0 4 21 m2<oe) m^. mm^. un^^mm^ 
iFcic^timL. wrj^ii'>'=^—h\^xmmm (is) ^ 

(AidrichSi) ^fflv^5/hp r(^J:5«-LTs 

mmmmM^m^m^Ayfz::xxmm\.. mm^^xi 

TOy<^—>Ui^tm^j:hfj:\^^mm^m^—y^h (r— 
5063- A B) LT^ffiffilgjia^g^/tt^ 

[004 3] (m2<07) ^(Omm^^^^t^^oii^l. 30 
2*-«a(D»K;Er (#F^«a^Si8, T/l^=:^=^mi5. 

1 2 7 0 0;^!^;^) ^ 1 OmmX 5 OmmX 1 Omm(OJi^4^,h 

r^^b^^aff^^BA (16) 2^t;?j^M^^oSB 
(17) t\^. mmmzKW'ffm^kcm'&y^fzmm^^ 

m^mi&\.tio :i<o^o\^\.x. t> 
L< fi^^^^m^BiApii;6>'b^LfcJt^^ic^5VNT. mm 

^x^i^mm:^:^s^vtii^u--^:^y^:p^ {mfumi"^ 
mm) (Dfpxn^fzo t^^ox. rco^^i^jsi^^oQ^o 

[0 0 4 4] »:tc, cicoj; 5fcUTf^S4Lytllsmmffi 50 
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j:: i S SrS^#*3£<?5iaa ^ 0 ® * ffl v ^TUi^-t- 

[004 5] ms dzn. &m0ki^^^<Dm^9mmm^ ' 
Its m^^^tzmm^^ytm. ^v^^±-^(7)p^^c::/^:fe$^t3tIE 

^^)I|S^COV^TI^§gf So (2 4) ±{cmH»c?^ 

f&^tiftmmmm ds) , ^^t® (22) <omz^ m 
m (19) ^mm-r^r-. ^o^. mm{^m^^m\a± 
msiic^vti^^/mi^<Dmmxm® (19) ^^g^g-j- 

5o -^rLT. fi£«fP*DSA (2 0) ira^BI^DgB (2 

1) <D^'L-m^^A,fz:}j\^w^w' i^^mmtmm<D^'r 
^^2^i>-r5:*r^(c^^$r©^-rso mm(D 

yh (2 5) ^'^-r^n;:^7^--i/-c^»j^-tt'^^ Cl<7)^ 

m^mmi^tzo :^:ix\tm'^m^^i.x. a^i^nK^ 
[0 0 4 6] m5\z\^z<DXo{^LxmmvitmM^^ 
x\t. mmEEi sv^±xm^^^:dmm^ti\t\:. 

ib\ ^(D:i^^i^h/U\^^9:4 2 0nm^\^—^tl.tz^ 
&ftT•<Z>3iS^fflV^fCo fp;!JD®JBEl 5 Vr*fix = 0'-'l 

fi:2'-3 Amc7pffigT*fc!9. m\^^mummmxh't(om 
m^\c^\^^xn. :i(Di^Lm^^mmmmjmti.x{tmmx 
mmitcmm^yt^i^^m^vfzt^^. mmi^i^m 

4 2 0 nmiiC\i'—t^ ^m-t^yu— K/c^^OTfeo?t« 
h^-^iit^^fZo 

[0 04 7] \^^AL(D i: 0 m'^m^m. Rxj^m\'^^m\^ 
mmm2) m^. 'mmmixm^^fzun^m\^^Xs 

■To 

[0 0 4 8] metcfi. t<Dm^mm^7n}^tzo m^<o 
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izmm (2 7) tmmi2 9)^m.m\^s 't(Dmm^Qy 

to 0 4 9] m7{z\'±. ::i<DXv\c\^XW^^^thfcm'f' 

x = i-'7nmi^T?<?5 7a§soig^^B^Lfc. mMMm 
x^L.ti (3) '^x(Di^m^m\^^<mzxi^^iti!b^ 

r :iT*fill;^$r«B&bfCo (1^8(^)4) (3 4) ± 

JClSrfii (3 5) ^T*Jf^^b/cm;5^b. ^wT*fi^3^@ 30 

■x?ti:/j:<, (3 3) ^mm\^-^:^^mmit^^oxm 
fc. mmmcmmtmm{ciy^--h:^^m^l.x\^^f:^:\^^:^^ 

^fi^i^>:t^;?)^bl^v^TV^-5, (HIS CO 5) mc 4o 

S (3 6) tuy^Co (BI8<^)6) »:tc, ::o±tc:7^h 

l^v^>^ h (3 7) h L/Co (118(7)7) ^ 

y<^—=-:y^^n-:>f:Lo (0 8 CO 8) ^Sfe^C, 4 0%(DZ7 
3 0 5>rHl«cgLT^^^;^>-^K-:7^(3 8)Lfcio (H so 



isi^xmm^^mx.. ^i^Kuvrnm (39) ^stu 
^iJi^n^'d^Lfco (iii8(^io) s^ic, mm^\^ 

XUm^mmA (4 0) ^8l«B3*0SB (4 1) $rJ^^ 

[0 0 5 11 -<50j;5tc:Urfl^^$tt;t^^tC>^bT. 
Sl;<nimjE3 0 VT*^*$ii:fc:i:r5. mmm2Klt^X 

m^(ommm'^>h(D%tm\.<v&T\.x\^tit^^ a«-r 
[0 0 5 2] :^mm<Dmmn^^%m'^^m\^^^t^ ^ 

[0 0 5 3] 

[0®(Z>ffi*/j:Ift^] 

<Dm,mm^.(r>mmmx^^^ 
m2 \ :^^m<Dmmm^mitm^<DmMmix<Dmm 

mmm^(Dmi^^mcommmxh^o 
[04] :^^m<D^mmw^^m'f-<7)mmmix<Dm^ 

m^mu(Dmm^x:^^^ 

im 5 ] ^^m<D:^mm^^^m^<Dmmm 1 T*<z)jKa 

[me] ^^m<D^mm^^^mi^'<o^mm 2 x<Dmm 

mmm^(r>mf^mxh^. 

im 7 ] :^mm(D^mm^m^m'f-<Dmmm 2 xcomm 
mm(Dm^m^xh^o 

ims] ^mm(D:^mm^m^m'T'(Dmmmsx(Dmm 
mmm'T'(oipm^m(Dmmmx:h^o 

1, 16, 2 0» 3 I'-m^W^mA, 2, 17, 2 
1, 3 2--^^^;?JDgB, 3, 14, 19, 29, 33 

-1^11. 4, 35-»fii, 5'"mHmmm9^. 6, 6' 

mm. 9. 1 0, 2 4, 2 6--^e^St^, 11, 18, 

2 7'-mmmm. i2"'mmmm {^<^->im.) . i 

3, 2 2, 2 8, 3 6 -^^g, 1 5, 2 3, 3 0-j8 

mm. 2B -m%^if-y 3 4-S«. 3 7-:7;^h 
Uv^JXh, 3 8 ->f K-:/g> 3 9-UV;»Jig. 4 
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